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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S230were signiﬁcantly decreased in the severity of the OA-like changes. The
level of microtubule-associated protein 1 light chain 3 (LC3), a main
marker of autophagy, was increased in articular cartilage of Bach1-/-
mice compared with wild-type mice. The rate of apoptotic chon-
drocytes in Bach 1-/- mice was lower than that of wild-type mice.
Conclusions: Bach1-/- mice reduces the severity of age-related OA-like
changes by activation of autophagy and anti-apoptosis. The mainte-
nance of HO-1 expression may play an important role in a protective
effect or homeostasis in joints. These results suggest that autophagy via
HO-1 is a novel mechanism in OA prevention. The inducer of HO-1 may
be an effective therapeutic molecule for OA prevention.433
DEVELOPMENT OF OSTEOARTHRITIS AND DISRUPTION OF KNEE
JOINT MORPHOLOGY IN A CARTILAGE SPECIFIC MITOGEN
INDUCIBLE GENE 6 DELETION MOUSE
M. Pest y, J.-W. Jeong z, F. Beier y. yWestern Univ. - Canada, London, ON,
Canada; zMichigan State Univ., Grand Rapids, MI, USA
Introduction: Osteoarthritis (OA) is a degenerative joint disease
afﬂicting over 1 in 10 individuals in Canada. Current treatments focus
on relief of pain and disability, rather than slowing or reducing the
underlying joint damage. Previous studies by our lab have shown that
the signalling molecule transforming growth factor alpha (TGFa) is
upregulated in both animal models of OA and in a subset of human
cases (Appleton et al, 2007;2010). TGFa signals via epidermal growth
factor receptor (EGFR) in chondrocytes. Mitogen-inducible gene 6 (MIG-
6) has been shown to attenuate signalling by EGFR through blockade of
autophosphorylation and induction of receptor internalization. Ubiq-
uitous deletion of MIG-6 in mice causes the rapid development of joint
deformities and OA (Zhang et al, 2005; Jin et al, 2007), however it is not
known which cell type is responsible for these defects.
Purpose: To assess the consequences of increased EGFR signalling
speciﬁcally in cartilage by removing negative regulation via MIG-6
using a transgenic in vivo mouse KO model.
Methods: MIG-6 was selectively knocked out in cartilage using ﬂoxed
transgenic mice (MIG-6ﬂ/ﬂ) by the Col2a1 driven expression of Cre
(Col2-Cre+/-). Animals were kept on a normal diet and unregulated
activity levels. Littermate matched controls were used in all experi-
ments. Male and female mice were aged up to one year to assess
spontaneous development of OA and joint deformation. Behavioural
changes indicative of joint pain and disability were assessed through
gait analysis and grip strength measurement. Evaluation of bone
density and structural abnormalities in articular joints was accom-
plished throughmicroCT scanning and histological staining. OA severity
was scored using a modiﬁed OARSI scoring system on safranin O/fast
green stained sections of knee, ankle and elbow joints. Molecular
changes in joint tissues were also examined by immunohistochemistry.
Results: In both male and female KO (MIG-6ﬂ/ﬂ;Col2-Cre+/-) knee joints,
extensive joint deformitieswere observed includingectopic development
of partially calciﬁed tissues. These deformations became more severe
with the increasing age of the animals. Both Het (MIG-6ﬂ/+;Col2-Cre+/-)
and WT (MIG-6ﬂ/ﬂ;Col2-Cre-/- or MIG-6ﬂ/wt;Col2-Cre-/-) controls did not
show evidence of joint deformity by visual inspection or microCT scans.
KO, HETandWTanimalswere not signiﬁcantly different in size orweight.
Conclusions: Negative regulation of EGFR signalling in Col2 expressing
tissues by MIG-6 is essential for management of normal joint
morphology and may be involved in the regulation of tissue calciﬁca-
tion. MIG-6 is a promising molecule for studies evaluating the under-
lying causes of spontaneous OA and joint deformation, and may be
a viable target for therapeutic interventions in OA.434
FOCAL CHANGES IN TIBIAL BONE STRUCTURE AND OSTEOCYTE
INTEGRITY IN A MOUSE SURGICAL MODEL OF OSTEOARTHRITIS
B.A. Tonkin y, N. Jansz y, E. Romas z, N.A. Sims y, N.C. Walsh y. y St Vincent's
Inst. of Med. Res., Melbourne, Australia; zDept of Rheumatology, St
Vincent's Hosp., Melbourne, Australia
Purpose: Inﬂammation is integral to cartilage damage and bone erosion
observed in joints afﬂicted with osteoarthritis (OA). We have earlier
reported that physiologic levels of exercise are anti-inﬂammatory and
suppress local inﬂammation in joints in experimental models of OA in
vivo. The abrogation of pro-inﬂammatory signals by mechanicalstimulation is mediated by suppression of NF-kB activity. Here we
examined whether the observed effects of physiological levels of
exercise are mediated via its local or systemic actions on inﬂammation.
Methods: All protocols were preapproved by the Institutional Animal
Care and Use Committee at OSU. Transgenic BALBc female mice (12-14
wks old) containing ﬁreﬂy luciferase cDNA in NF-kB response elements
(NFkB-RE-luc mice; Caliper Life Sciences, MA) were used to study tran-
scriptional regulation of the NF-kB gene to examine the effects of exer-
cise (treadmill walking at 8 M/min) on inﬂammation. Inﬂammationwas
triggered by injection of lipopolysaccharide (LPS; 1 mg/gm body weight)
or IL-1b (10 -50 ng/30 g body weight) in the right ankle of mice. Mice
received following treatments, (i) no treatment (ii) exercise alone, (iii)
LPS injection alone, (iv) pre-exercised for 7 days prior to induction of
inﬂammation, (v) exercised only post induction of inﬂammation, or (vi)
exercised pre and post induction of inﬂammation. Activation of NF-kB
was assessed 2 hrs, 24 hrs, 48 hrs or 5 days post induction of inﬂam-
mation by examining luciferase activity by digital imaging (IVIS 100).
The induction of proinﬂammatory cytokines in the serum samples of the
same mice was assessed by Multiplex ELISA assays (Biorad Labs, CA).
Results: Control NFkB-RE-luc mice and those exposed to exercise alone
did not exhibit signiﬁcant NF-kB activation. LPS injection in right ankle
provoked a systemic and local inﬂammatory response that was 6-8 fold
greater within 2 hours of LPS administration. Mice exposed to exercise 7
days prior to LPS injection showed a signiﬁcant systemic inhibition of
LPS-induced NF-kB activation. However, mice exposed to exercise
following LPS injection showed more than 90% suppression of NF-kB
activation. These observations indicated that exercise is an important
systemic inhibitor of inﬂammation and its actions are mediated via
suppression of NF-kB activity (Figure 1).
Further analysis of NF-kB activation revealed that LPS activated NF-kB
predominately in axillary and inguinal lymph nodes, spleen and
mesentery. Examination of individual lymph nodes showed that exer-
cise was effective in suppressing LPS-induced NF-kB activation in all of
these lymph nodes and the site of injection. Further immunoﬂuores-
cence analysis of NF-kB in all of these tissue conﬁrmed that exercise
inhibited NF-kB nuclear translocation and its synthesis.
To gain molecular insight into the signaling affected by inactivation of
NF-kB, we assessed the cytokine levels in the serum levels that follow
NF-kB activation. Assessment of major pro-inﬂammatory cytokines IL-
1b, TNF-a, IL-6, IL-17, IL-12 and IL-8 all showed up-regulation by LPS,
whereas pre-exercise and post-exercise both effectively suppressed pro-
inﬂammatory cytokine induction. More importantly, the suppressive
effects of post-exercise were more dramatic than pre-exercise.
The above ﬁndings prompted us to examine whether the anti-inﬂam-
matory effects of exercise are sustained and for how long. In these
experimentsmicewere eitherexercised everydayoronly for onedaypost
LPS administration. Mice exposed to exercise every day demonstrated
sustained suppression of NF-kB activation. However, the suppressive
effects of exercise were transient, lasting only 24 h following exercise.
Conclusions: The ﬁndings suggest that exercise may not only suppress
local inﬂammation of the joints, but its effects may also be systemic




INCIDENCE OF SEVERE KNEE AND HIP OSTEOARTHRITIS IN
RELATION TO THE METABOLIC SYNDROME AND ITS COMPONENTS:
A PROSPECTIVE COHORT STUDY
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Purpose: Increasing evidence suggests associations between osteoar-
thritis (OA) and the metabolic syndrome and its components. However,
these associations have been questioned with respect to their inde-
pendence from obesity. Using a prospective cohort study, we examined
whether individual components of the metabolic syndrome, either
singly or additively, were associated with the incidence of total knee
and hip replacement due to severe OA, and whether the associations
were independent of obesity.
Methods: Eligible participants were selected from 21,837 Melbourne
Collaborative Cohort Study (MCCS) participants who were recruited in
1990-1994 and had fasting blood lipids measured during 2003-2007.
Waist circumference, height, weight and blood pressure were also
measured during 2003-2007. Metabolic syndromewas deﬁned using the
International Diabetes Federation deﬁnition: central obesity (deﬁned by
waist circumference) and any two of the four factors - raised serum
triglyceride level, reduced serum high-density lipoprotein cholesterol
level, hypertension and impaired fasting glycaemia. Primary knee andhip
replacements for OA from the date of lipid measurement until 2011 were
determined by linking the MCCS records to the Australian Orthopaedic
Association National Joint Replacement Registry.
Results: 685 participants had total knee replacement and 580 partici-
pants had total hip replacement. Each of the 5 components of the
metabolic syndrome and the metabolic syndrome itself were associated
with increased incidence of knee OA, adjusted for age, gender, country
of birth, and level of education. After including body mass index in the
regression models, the magnitude of the HRs attenuated, and central
obesity (hazard ratio (HR) 1.51, 95% conﬁdence interval (CI) 1.20-1.91],
hypertension (HR 1.25, 95% CI 1.05-1.50) and the metabolic syndrome
(HR 1.25, 95% CI 1.01-1.54) remained statistically signiﬁcant. There was
a dose-response relationship between each additional component of
the metabolic syndrome and the incidence of knee OA, independent of
body mass index: one component HR 2.11 (95% CI 1.11-4.01), two
components HR 2.94 (95% CI 1.57-5.52), three or more components HR
3.13 (95% CI 1.66-5.91), p for trend <0.001. Only central obesity was
associated with the incidence of hip OA when adjusted for age, gender,
country of birth, and level of education, but this association disappeared
when body mass index was added to the model. Individual components
of the metabolic syndrome were not additively associated with the
incidence of hip OA.
Conclusion: Our results extend previous studies by relating the indi-
vidual components of the metabolic syndrome and their total to the risk
of knee and hip OA in the same large cohort independent of obesity. The
risk of knee OAwas associated singly and additively with components of
the metabolic syndrome and the metabolic syndrome as a whole. In
contrast, no relationship was seen for hip OA. The ﬁndings suggest
different pathogenesis forOAof thekneeandhip and thatmanagementof
the metabolic syndrome has the potential to reduce the risk of knee OA.
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SOCS-3 EXPRESSION IN THE CARTILAGE IS REDUCED IN OBESE
PATIENTS WITH OSTEOARTHRITIS AND REGULATES LEPTIN
RESPONSES IN CHONDROCYTES
A. Koskinen y, K. Vuolteenaho y, R. Korhonen y, T. Moilanen z,y, E.
Moilanen y. y The Immunopharmacology Res. Group, Univ. of Tampere
Sch. of Med. and Tampere Univ. Hosp., Tampere, Finland; zCoxa Hosp.
for Joint Replacement, Tampere, Finland
Background and Purpose: Adipocytokine leptin was originally
discovered in white adipose tissue and found to regulate energy
metabolism and appetite. More recently it has been recognized as an
effector and regulator in inﬂammation and arthritis. We and others
have shown that leptin has detrimental effects on cartilage metabolism
including upregulation of proinﬂammatory and catabolic factors in OA
cartilage. However, there are signiﬁcant differences in the leptin
responsiveness in the cartilage between different donor patients.
Suppressor of cytokine signaling 3 (SOCS-3) is an intracellular regulator
of inﬂammatory response and a negative regulator of leptin signaling in
the hypothalamus. It has also been shown to be expressed in chon-
drocytes and overexpression of SOCS-3 has been reported to reduce
severity of arthritis in mice models. The aim of the present study was to
investigate the regulation of leptin responses in the OA cartilage,
especially the role of SOCS-3.Methods: Synovial ﬂuid and cartilage samples were collected from 91
OA patients [age 70.2 (9.6) years, BMI 30.8 (5.8) kg/m2; mean (sd);
females 66%] undergoing knee replacement surgery. Leptin, MMP-1 and
MMP-3 in synoval ﬂuid were measured by immunoassay. SOCS-3
expression in cartilage was determined in a sub-group of the patients
with Western blotting. The results were analyzed in the whole group
and in non-obese (BMI less than 30, n¼45) and obese (BMI over 30,
n¼46) patients separately. In addition, the leptin effects were studied in
chondrocyte cultures. SOCS-3 expression was down-regulated with
siRNA and interleukin-6 (IL-6), MMP-1, MMP-3 and inducible nitric
oxide synthase (iNOS) expression was measured by RT-PCR, ELISA and
Western blotting.
Results: Leptin concentrations in synovial ﬂuid were higher (p < 0.001)
and SOCS-3 expression in cartilage samples was lower (p ¼ 0.032) in
obese than in non-obese patients. Leptin correlated positively with
MMP-1 and MMP-3 levels in synovial ﬂuid from obese (r ¼ 0.49, p ¼
0.001; r ¼ 0.48, p ¼ 0.001, respectively) but not from non-obese
patients. Also, SOCS-3 levels in the cartilage correlated negatively with
synovial ﬂuid MMP-1 and MMP-3 (r¼-0.49, p¼0.013; r¼-0.44, p¼0.024,
respectively). Leptin enhanced MMP-1, MMP-3, IL-6 and iNOS expres-
sion in chondrocyte cultures. Interestingly, when SOCS-3 was down-
regulated by small interfering RNA, chondrocytes’ response to leptin
was enhanced.
Conclusion: The results show, for the ﬁrst time, that SOCS-3 is associ-
ated with and regulates leptin-induced responses in the cartilage;
When SOCS-3 expression was down-regulated, leptin-induced effects
were enhanced. In OA patients high leptin levels and low SOCS-3 levels
were associated with increased concentrations of cartilage degrading
MMPs and obesity. Assuming that SOCS-3 is a factor that inhibits the
effects of leptin in cartilage, obese patients are possibly more suscep-
tible to detrimental effects of leptin not only because of its elevated
levels in joint, but also because of the disturbed regulation mechanism.
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PATTERN IN FEMORAL CARTILAGE THICKNESS MAP ALLOWS SUBTLE
SCORING OF MEDIAL COMPARTMENT KNEE OSTEOARTHRITIS
SEVERITY
J. Favre y, B. Fasel y, T.P. Andriacchi y,z. y Stanford Univ., Stanford, CA, USA;
zVA Bone and Joint Ctr., Palo Alto, CA, USA
Purpose: Although change in cartilage thickness is a hallmark of knee
osteoarthritis (OA), the low sensitivity of mean thickness measures to
disease state remains a barrier to the evaluation of new interventions
for OA. There is potentially important information in the spatial varia-
tions in thickness over the entire articular surface (ie. thickness map)
that could enhance detection and understanding of OA progression.
Computer vision and artiﬁcial intelligence algorithms offer opportuni-
ties to analyze thickness maps in their entirety and separate patterns
that are characteristic of OA severity from subject-speciﬁc features. The
purpose of this study was to develop a pattern-based method to score
femoral cartilage thickness maps according to their disease severity. To
demonstrate the application of the method, the score attributed to
medial OA knees were compared to Kellgren/Lawrence grades (KLG).
Methods: 140 knees, namely 60 asymptomatic knees and four groups of
20 medial OA knees with KLG of 1, 2, 3, and 4, were scanned at 1.5 T sing
a 3D-SPRG sequence after IRB-approved consent (67 male; 609 yrs;
1.70.1 m; 7814 kg). 3D models of the femoral cartilage were built
from segmentation of MR images. The models were then converted into
2D anatomically-standardized thickness maps (images) using a shape
matching routine. A pattern recognition technique was developed to
calculate a statistical model that links all the pixels of a thicknessmap to
a single score and vice versa, based on a "learning" dataset of thickness
maps with deﬁned OA stage. The continuous pattern-based score was
designed to increase with worsening of OA severity (0¼ typical
asymptomatic knee and 4¼ typical end-stage medial OA knee). In this
study, knees were scored using a leave-one-out procedure, consisting of
scoring each knee using a statistical model calculated based on all the
other knees. For comparison, the mean thickness over the medial
compartment was also calculated for each knee. ANOVA and Tukey tests
were performed to compare pattern-based score and mean thickness
between knee groups, while Spearman correlations were calculated
across groups.
Results: The method isolated a characteristic progression in thickness
with increasing medial knee OA over the entire plate (Fig.1). The
progression notably involved differences in the medial compartment
